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SECTION I

TNTRODUCTION

l, BACKGROUND

One of the concepts in the A~10 procurcment wes the prefereatial use of off-
the~shelf components. Two main landing gear tires were available which met or
exceeded the A-10 requirements: the 36 x 11/22 PR tire used on the C-141 nose
gear and the 36 x 11/24 PR tire used on the F-105 main gear. Since the 22 PR
tire was retrecadable and the 24 PR tire was not, the 22 PR tire was chusen for
life cycle cest considerations. The main landing gear wheel was then designed

and qualified using the 22 PR tire.

In 1976, the A-10 began experiencing damaging 22 PR tire failures which
prompted a deci :inn to switch to the 24 PR tire. The 24 PR tire gave excellent
service on the aircraft with only one known faflure i{n two years., But in 1978
main wheel failures began and laboratory testing showed that the 24 PR tire
fmposed a much higher stress on the wheel and was therefore contributing to pre-
mature wheel fallure. 1In 1980, the decision was made to purge the fleet of 24 PR
tires and return to the exclusive use of 22 PR tires. Tire failures reoccurred
and the A-IO Systems Program Office at Wright-Patterson Air Force Base was
confronted with the task of ellminating these fallures. The following actions ’

were taken to reduce 22 PR tire failures:

(1) A change fron seven to two inflation pressures. The original
specification called for seven different tire pressures dedandent upon aircraft
gross weight. This was changed te an {nflation pressure of 155 psi for aircraft .
gross welghts of 40,000 1bs and below and 185 psi for gross weights above 40,000
1bs. The rationale for this actfon was that the tire with 155 psi inflation,
which applies to 98% of present A-10 operating gross welghts, would be operating
with deflections of 32% or less, and as {s well known in the tire induscry these
lower deflections will reduce the chances of dynamic tire failure., Also, the
change from seven to two tire pressures would make it less of a maintenance
problem in the field and thus reduce the chances of inadvertently operating with

an overdeflocted tire.
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(2) Requirement for Holographic Inspection of Recapped Tires. This
rejuirement was instituted in late 1980 with the intent of preventing tires with

ply separations or other defects from being recapped and sent back to the fleet.

While these two actions led to a significant reduction in aircraft damaging
tire failures, the failure rate vemained unacceptably high and long term correc-

tive actions iucluding lahoratory and field testing were initiated.

2. OBJECTIVE OF TEST PROGRAM

The objective of the tire test program was to determine whether the toe-out
alignment of the main landing gear significantly decreases the fatigue life of
the tires or contributes to premature tire failure. While it is well known that
continuous operation of a tire under a yawed condition will accelerate tire wear,
it 1is not known to what extent this decreases the fatigue lifé of the tire caf-
cass or conttibutes‘to failure due to tread separation. Laboratory and field
test plans were written with the objective of determining the effect of wheel‘
alignment on tire surface temperature and to correlate (if possible) any
increased tire temperature due to misalignment with uneven tread wear and prema-
ture tire failure. The tires that were tested included the currently used 22 PR

tires of two different manufacturers and the 24 PR tire.
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SECTION II

TIRE FIELD DATA

1. TIRE IDENTIFICATION

This report was concerned with the laboratory and field performance of three
different tires. Throughout this report, these tires will be designed as

follows:
Tire A 1s a 36 x 11/22 PR tire currently used on the A-1C.

Tire B is a 36 x 11/22 PR tire currently used on the A-10 but from a

different manufacturer than Tire A.

Tire C is a 36 x 11/24 PR tire that saw interim use on the A-10 but was

removed becaure of main wheel failures.

Tires A and B were originally qualified for the C-141 nose; Tire C was

" quaiified for the F-105 main. All ttree tires have given excellent service on

their respective alrcraft.
2, TIRE FAILURE DATA

The number of reported failures in the time period from August 1979 to

August 1981 are shown in Table 1.

TABLE 1
A=-10 MAIN TIRE FAILURES
AUG 1979 to AUG 1981

TIRE I.D. NUMBER OF FAILURES PERCENT OF TOTAL

A 17 25

B 1 1
A-RETREAD 26 38
B-RETREAD 2 ‘ 3
UNKNOWN 23 33
TOTAL 69 - 106

3
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Of the 69 total failures, 20 were reported to have caused aircraft damage.

While Table 1 suggests that most of the tire fafilures cccurred with Tire A

(new and retread), it was not known at what relative gquantities tires A and B
were being supplied to the field. 1In April 1981 a message was sent to A-10 field

units requesting a tire inventory. Their response i{s shown in Table 2,
TABLE 2
'TIRE INVENTORY FROM
A-10 FIELD UNITS - MAY 1981 .

TIRE I.D. ‘ NUMBER REPORTED PERCENT OF TOTAL
A 308 . 54
B 139 | 24
A-RETREAD 72 | | - 13
B-RETREAD 49 9
TOTAL . . . 568 100

These data from Table 2 were for tires on the aircraft as well as tires in

base supply. While Table 2 cannot be directly correlated with Table 1 because of

the time spans involved, it does show a sufficlient quantity of Tire B in the

field.

As stated earlier, the interim change from seven to two tire pressures and

- the holographic inspection of retreads led to a significant reductfon in tire

failures. A summary of number and type of failures before and after the infla~ -

tion pressure change is shown in Table 3.




TABLE 3
COMPARISON OF TIRE FAILURES
ONE YEAR BEFORE AND ONE YEAR
AFTER THE CHANGE TO TWO
INFLATION PRESSURES

NUMBER OF FAILURES -

FAILURE MODE AUG 79 TO AUG 80 AUG 80 TO AUG 81
Tread Separation | 18
" Sidewall Failure 13 ,
Air Leak 8 14
Unknown ' 3 3
Total . . . ' 42 27

The number of failures that resulted i1 aircraft dam?ge were 15 before and 5
after the change to two tire pressures. |
| .
3. TIRE WEAR DATA i

The toe-out alignﬁent of the main gear causes the inéoatd part of the tread
to wear at a faster rate than the outboard part of the tréad. This asymmetric
‘tread'wear was reported early {n the program Ly A-10 main#enance personnel. To
better quantify the uneven tread wear, tread depth measurements were taken on
tires in various states of wear at Myrtle Beach AFB in Juiy 1981, ' These results

were avefaged and are shown in Table 4.

P
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TABLE 4
TREAD DEPTH MEASUREMENTS AT
MYRTLE BEACH AFB - JULY 1981

TREAD GROOVE DEPTH_IN INCHES
CENTER CENTER

TIRE

1.D. STATE OUTBOARD OUTBOARD _ INBOARD INBOARD
A New n.4h 0.44 0.44 0.44
A Worn* 0.37 0.32 0.29 0.26
A Worn Qut** 0.28 0.19 0.10 0.0
B New 0.28 . 0.41 0.41 0.28
B Wornk** 0.23 0.32 0.31 0.15
B Worn OQut**#** 0.16 0.22 0.20 0.0
* Average of 34 tires on alrcraft

x%  Average of 4 tires in shop

* ok of 12 tires on alrcraft

Average

*ix% Average

of 2 tires in shop




SECTION III

. TIRE TEMPERATURES

1. INTRODUCTION

A rolling tire generates heat by the cyclic deformation of tread and carcass
and the hysteresis losses of the materials. As the tire temperature increases:
the rate of tread wear increases, the coefficient of friction decreases, and
fatigue resistance of the carcass 1s reduced. If the tire operating temperature
is in the range from 250 to 300°F, then some form of heat damage is generally
conceded. At 350°F and above, heat damage of the standard alrcraft tire is a
certalntyvand failure i{s probable. Incipient falilure may begin by fatigue ini-
tiation at a flaw and progress due to an increase in the local temperature which
further reduces the fatigue resistance; so that the mechanism of tire failure is

usually attributed to the combined effects of temperature and fatfigue.

An automobile or truck tire is designed for cont(nuous.operation and will
reach an equillibrium temperature whére the rate of heat generation 2quals the
rate of heat dissipation. Afircraft tires are designed for intermittent operation
only - taxi takeoffs and landing taxis with relatively long periods of time bet-
ween operations which permit tire cooling. If subjected to a continuous roll at
rated load and inflation pressure at a typical taxi specd, the standard afrcraft
tire would not achieve temperature equillibrium but would sustain an increasing
temperature rise until failure occurred - typically, within 30 miles from start

of roll.

The measurement of internal carcass and tread temperatures of rolling

aircraft tires presents a difficult probiem. Thermocouples have been layed in

the uncured tire during buildup, or holes have been drilled in the cured tire and’

the thermocouples inserted and cemented i{n place. In either case, when the tire
is loaded and rolled, the sensors tend to fail prematurely, particularly in
reglons of high flexure. Even when successful, the embedded sensor represents an
inhomogeneity in the region of measurement and could create a hot spot and pro-
vide quastionable data. The thermocouonle material most commonly used for this

applicat{on is copper-constantan which {s available in small gauge and fine

7
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stranded wire which is more durable than solid wire. An alternative method for

mbnsuring internal tire temperature Is to roll the tire a predetermined distance,
stop the roll, and probe the tire body with a thermocouple needle. This method
requices considerable testing to obtain a thorough mapping of température rise

" and, when testing high pressure aircraft tires, the tire i{s often deflated before

probing as a safety ‘precaution.

Contained air temperature {8 routinely measured using thermocouples, thermistors,

or diodes in conjunction with either slip rings or telemetry,

2. TIRE INFRARED THERMOGRAPHY

Infrared thermography has been used by the tire indhstry, primarily as a

research tool, since the early 1970s. Trivisonno used sirface temperature as one

of the inputs to his thermal aralysis to caiculate steady-state tire body tem-
peratufes and power loss of radial and bias ply passenger tires (Reference 1).
In 1972, Trivisonno successfully applied these methods and performed a non-
steady-state analysis of 2 49 x 17 afrcraft tire (Reference 2). In 1970, Conant,
Hall and Walter used i{nfrared thermography measﬁrements on radial, bias and bias-
belted automobile tires that were instrumented with embedded thermocouples

(Reference 3). These data were obtained at different loads, speeds and inflation
pressures and input to a designed experiment to demonstrate the effects on tire

surface temperature of the aforementioned operating conditions.

This report compared the surface temperature of 36 x 11 tires on an afrcraft

during tax{ tests and during a laboratory efmulation of A-10 operating con-

ditions. Particular emphasis was placed on the effect of small slip angles on

surface temperature dist:{bution.

The infrared system used in these tests was an Inframetrics Model 525
capable of full field presentation of thermal images in either calibrated grey or
colors (different temperatures show up as different colors). The line scan pre-
sents the data as a thermal profile of a horizontal line aéross the tire. Since

it presents a somewhat more quantitative picture of tire temperature, the line

scan mode was used throughout this testing.

- For labocatory testing, two front surfaced mirrors were mounted on the test

machine mandrel to permit the simultaneous measurement of tread and sidewall

8
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temperatures.
mize the chance of damage to the infrared detector in the event of a tire

failure, the detector was equipped with a telescepi~s lens and mounted 30 feet
distant from the running tire. The thermography data was fecorded on video tape
and voice annotated with pertinent information. The video tape was replayed and

the thermal profile was Polaroid photographed, the temperatures measured and

1 2corded.

Figure 2 shows how the thermal profile relates to the tire surface tem-
perature. Generally, the tréad ribs are the coolest part of the tire surface.
Trhe ribs are cooled by conduction to the flywheel surface and, since they are at
the maximum diameter of the tire, receive the maximum convection cooling because
of their higher speed through'the air. The tread grooves are not cooled by con-
duction to the flywheel and are closer to the source of heat generation and ruﬁ

|
considerably hotter than ghe tread ribs.

The sidewall temperafures were usually the highest at a point above the bead
corresponding to the ape@ region of the ply turnups. The qidewall minimum was at
the minimum section approﬁimately midway between apex and shoulder.

10

A wounted tire and mirror arrangement is shown in Figure 1. To mini~
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SECTION 1V
TESTING

l. PRELIMINARY LABORATORY TESTS

The'objective.of-these tests, conaucted at Wright-Patterson Air Force Base,
was to develop preliminary laboratory data for compafison with field test data.
Since the A~10 was known to operate with a toe~out condition of the main gear,
laboratory tests werc conducted emphasizing the effect of small slip angles on

tire surface temperature. Carpet plots of cornering force versus normal load and

slip angle were developed, and Tires A, B and C were rolled to failure to
establish what surface temperatures obtain at or near tire failure. These tests

were conducted on the 120 fnch diameter programmable dynamometer.

a. Roll to Failure Tests

To establish the surface temperatures that would indicate detrimental
tire operation, Tires A, B and C were rolled tovfailure with a 1° slip angle,
20,000 pounds normal load, 150 psi inflation and at a speed of 46 mph. This
speed corresponds to 40 knots which was an estimate of the unbraked A-10 ground
idle speed. Figures 3, 4 and 5 show the surface and contained air temperature
rise as measured at ! mile, 3 miles and prior to failure for Tires A,'B and C
respectively. The surface temperature rise, rather than the surface temperature,
was used throughout this report so that the tire temperatures could be more
directly compared. The initial laboratory ambient temperatures, while not the
gsame for all tests, were within a relatively narrow range. The actual surface
temperatures may be obtained by adding the initial temperature to the temperature
rise. The 1° slip angle which simulates main gear toe-out, causes the outboard
sidewall to experience more flexure than the inboard sidewali. This additional
flexure results {n the outboard sidewall generating more heat than the inboard
sidewall. As shown in Figures 3, 4 and 5, the outboard sidewall surface tem-
perature rise was greater than the corresponding inboard sidewall temperature
rise, and in every case, the maximum surface temperature was at the apex region
of the outboard sidewall. All three tires failed by blowout of the outboard

sidewall at the apex region.
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INITIAL TiMPERATURL
82°F

OUTBOARD
——

AFTER 3 MILES

118
(tExtrapolated)

PRIOR TO FAIIVRE
4.9 MILES

CONDITIONS: 20,000 LB3 Load, 150 PSI, 46 MPH, 1° Slip Angle

Figure 3.

Rise in Surface and Contained Air Temperature DBuring
the Roll to Failure Test of Tire A
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TIRE B

45

INITIAL TEMPERATURE
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OUTBOARD

60 66 ———

AFTER 3 MILES
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140 \
(Extrapolated)

PRIOR TO FAILURE

39 4.9 NILLS 8

CONDITIONS: 20,000 L3S Load, 150 PSI, 46 MPil, 1° Slip Angle

Figure 4, Rise in Sur{ace and Contained Air Temperature Duriﬁg
the Roll to Failure Test of Tire B
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TIRE C
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OUTROARD
—
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(Extrapolated
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5.1 MILES
CONDITIONS: 20,000 LBS Load, 150 PSi, 46 MPH, 1¢ Slip .ngle

Figure 5. Risc in Surfacc and Containcd Air Temperature Duriac
the Roll to Failurc Test of Tire C
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b. Surface Temperature Versus Slip Angle Tests

Carpet plots of cornering force versus normal load and inflation
pressure were developed for slip angles of 0, 0.5, 1.0 and 1.5 degrees while
simultaneously taking surface temperatures. These data were taken after the
tires had rclled 2 miles. Since the gffect of the slip angle was to cause the
outboard sidewall to run hotter than the inboard sidewall, this temperature dif=-
ference (maximum outboard minus maximum inboard) was plotted for Tires A, B and C
in Figures 6, 7 and 8 respectively. As shown by these plots, the peak sidewall
temperature difference appears to be linear for the slip angles tested and not
dependent on load and inflation. The negative temperature difference exhibited

by Tires A and B at 0° slip angle was probably due to tire conicity and ply steer

or test machine blas.

2.  AIRCRAFT TAXI TESTS

These tests, conducted at Edwards Air Force Base, were for the purpose of
obtaining thermography data under aircraft taxiing conditions. The infrared
detector was installed behind the left main tire in a support which replaced the
landing gear door. The detector was rigidly mounted for viewing the tire tread
during the taxi run. A quick release mechansim was used to allow removal of the
detector prior to a run and immediately after a run to permit scanning of the
tire sidewalls. The thermography signal conditioning and recording instrumen-
tation were operated in the battery power mode and rigidly secured inside an
aircraft bay. The video tape was voice annotated by the test engineers during
initial and final temperature measurements and by the test pilot durihg the taxi.
The aircraft was tested to the conditions of Table 5. The tires on the aircrafrc

were Tire A,
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Figure 6.Peak Sidewall Temperature Difference as a Function of Slip
Angle, Normal Load and Inflation Pressure at a Constant
Flywheel Speed of 46 MPH
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TABLE 5

TAXT TEST CONDITIONS

AIRCRAFT TIRE TOE-OUT
RUNS GROSS WEIGHT (LB)  INFLATION (PSI) (DEGREES) SPEED (KTS)
162 34,500 125 0 40
384 34,500 - 125 0.8 40
566 40,000 150 n 40
758 40,000 150 1.4 40
9810 48,000 180 0 40
11512 48,000 180 1.4 40

The toe-out angles of both main gear were varied using a speclally
constructed torque link and measured with respect to.the aircraft centerline.
After the required toe-out angle was set, the alrcraft was configured with the
stores and fuel necessary to achleve the desired gross weight and then towed to a
taxiway position that was approximately 400 feet from the test runway. Here, the
afrcraft was parked and the tires cooled by a refrigerated air cooler until the
surface temperature, as measured with a Wahl Pyrometer, was reasonably close to
ambient., To establish initial tire surface temperatures, the pyrometer was used
to measure and record tread and sidewail'femperatures and these temperatures were

correlated with the infrared scans. Other data taken and recorded prior to taxi

were ambient and runway temperatures and wind speed and direction.

After the initial data were recorded and permission to taxi given by the
control tower, the tests proceeded as shown in Figure 9. Turning onto and off

the runway.reqdired two right turns. During the acceleration, constant speed and
deceleration, the test pilot attempted to minimize the use.of nose wheel steering
and braking. As soon as the aircraft stopped in the 1inspection area, the test
engineers recorded Eread and sidewall temperatures and these final temperatures
were compared with the initial temperatures prior to taxi to yield tire tem-
perature rise data. Two runs were made for each test condition of Table 5.

These two runs were averaged and the resulting surface temperature profiles are

shown in Figures 10 and 11.
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Figure 11, Taxi Test Tire Surfacc Temperature Rise with 0.8° and
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3. MYRTLE BEACH SIMULATION LABORATORY TEST

a. Approach

The objective of this testing was to duplicate in the laboyatory those
conditions in the fleld which contribute to premature A~10 tire failure. The
approach was to identify the airfield that had the largest number of tire
fatlures and to write a test plan that dynamically simulated all loads, velovcti-
ties, turns, stops and distances rolled by an A-10 main landing gear tire from the
time the aircraft leaves the chocks until it is alrbofne and from the timc 1t
lands until it returns to the chocks. These afrcraft maneuvers were translated
into a series of dynamics statements that were used to program the computer
controlled tire test dynamcmeter at Wright-Patterson AFB. From the available
data, it was determined that the most tire failures, on a percent basis, occurred
at Myrtle Beach AFB. These tests were designed to simulate A-10 operating con~
ditions at Myrtle Beach. Representative taxi{ speeds, distances, turns and s%op

times were determined through conversations with A~10 pilots and a scaling of the

airfield map.

A summary of the test éonditions is shown in Table 6. The testing
nequeﬁce was: 1, 5, 2, 4, repeated 25 times for a total of 100 cycles. Then, the
sequence 3, 5 was repeated 5 times for an additional 10 cycles. Tires A, B and C
were tested with a fixed toe-out of 0.8 degrees, and Tire B was also tested with
0 degrees toe-out. The cornering force required for a turn was calculated by
obtaining the velociiy duriag a turn (from pilots), the radius of the turn (from
the map), and using these quantities, with the aircraft gross Qeight in the
equation for centrifugal force; The result of this calculation was used as an
input to a carpet plot of cornering force versus normal load and slip angle to
obtain the slip angle required to execute the turn (Appendix A). When an
aircraft is operated with equal amounts of toe-out in the right and left main
gear, then the straight ahead rolling condition is one of equillibrium due to
cornering forces developed by the right and left tires being equal and cpposite.
To execute a right turn of the aircraft requires an increase in slip angle of the
right wheel and an inft{al decrease in slip angle of the left.wheel. For
example, i{f the aircraft were operating with a toe—out of 0.8 degrees, then a
right turn that requires a slip angle of 1 degree would result in an effective
slip angle of 1.8 degrees on the right wheel and 0.2 degrees on the left wheel,
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TABLE 6

MYRTLE~BEACH SIMULATION TEST CONDITIONS

Alrcraft Takeoff  Touchdown Total Test Tire Test Tire
Gross Weight Speed Speed  Distance Load Inflation
Condition (Lb) (Mph) {Mph) Rolled (Ft) (Lb) (Psi)
Long Distance 38,000 143 - 12,400 17,000 150
Taxi-Takeoff ,
‘Short Distance ~ 38,000 143 - 5,700 - 17,000 150
Taxi-Takeoff
r
Heavy Gross Weight 48,000 188 - 14,560 22,000 - 180
'Long Distance
Taxi-Takeof f s
Landing - Long 30,000 - 150 19,450 14,000 150
Distance Taxi ?
Landing - Short 30,000 - 150 12,020 14,000 150
Distance Tax{ . - ‘
|b \.
~ P
i .\ ~
pooN
i \
25




Aircraft stop times durlng'taxi and prior to takeoff were taken as the shor-
test duration usually experienced during operations. For example, 1if an aircraft
vere stopped awaiting control tower clearance for ! to 5 minutes, then a stop
duration of ! minute was used in the test. This shorter stop time was a worst
case condition as it would allow less tire cooling. Braking was not simulated R
because at the time this.simulatlon was written, the dynamometer had no provi- ' -
. sipns for brogrammable braking. Since then, an analog computer system has been
developed to interface with the digital control system of the dynamometer, and

when used in conjunction with the aircraft brake can provide programmable

braking.

b. Taxi Takeotf Simulation

{
:
J
i

Figure 12 shows the routes taken during the long and short distance
taxi-takeoffs. If the prevailing wind i{s from the north, the aircraft will per-
form a short -distance taxi-takeoff. When the wind is from the -south, the
aircraft will use the long distance taxf-takeoff. The major difference between
the two routes is the length of taxiway travelled between the parking aprcn and
the arming area which 1is approximately 6800 feet for the long distance taxi as
compared to 600 feet for the short distance taxi., In either case, the aircraft
will execute several low speed turns to leave the parking apron, enter the
taxiway and proceed to the arming Qrea. The aircraft then turns into the arming
area and stops for two minutes to take on stores. After several low speed turns
out of the arming area and back to the runway, the aircraft will make a turn at
the end of the taxiway and finally another turn to the ruuway where it will stop
for one minute prior to takeoff. The takeoff roll {s the same distance for both
long and short taxi-takeoff si{mulations as aircraft gross weight is considered
equal for both conditions. For the heavy gross weight long distance taxi-takeoff,

the takeoff distsnce and velocity are necessarlly greater.

Tire surface temperatures were recorded throughout the taxi-takeoff
tests. After beginning the taxi, the aircraft makes two stops: a stop for
arming and a stop prior to takeoff. The tire rotation is stopped when the
aircraft becomes airborne, or during the laboratory simulation when the tire is

unlanded from the flywheel at takeoff speed. A comparison of Tires A, B, and C
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surface temperature development during the long distance taxi-takeoff simulation
1s shown in Figures 13 a, b, and ¢ for the corresponding aircraft conditions of
stopped for arming, stopped prior to takeoff, and airborne. Fignres 14 a, b, and
c are temperature profiles during the short. distance taxi-takeoff simulation.
Figures 15 a, b, and ¢ are teﬁperature profiles taken during the heavy gross

weight long distance taxi-takeoff simulation. A study of Figures 13, 14, and 15

leads to the following conclusions:

(1) All three tires experienced the smallest surface temperature rise
during the short distance taxi-takeoff and the largest surface temperature rise

during the heavy gross weight long distance taxi-takeoff.

(2) The effect of operating throughout the taxi~takeoff simulations
with a 0.8 degree.toe-out was to cause the outboard sidewall temperature rise to

be greater than the inboard sidewall temperature rise.

(3) Tire C had a conslderably lower temperature rise than tires A or B.

c. Landing-Taxi Simulation

Figure 16 i1llustrates the airfield routes taken during the landing-
taxis. If the prevalling wind i1s from the north, the alrcraft will pcrform a
l-nding~long distance taxi. When the wind 1s from the south, the landing-short
di{stance taxi route will be followed. For both cases, aftec touchdown, the pilot
will decelerate the aircraft using aerodynamic speed brakes for the first 4500
feet of runway and then use minimal wheel braking for the remaining 4500 feet of
runway. The aircraft wil then turn off the runway onto the taxiway and make
several turns entering the dearming area wheve it will stop for 2 minutes until
the stores are removed. The aircraft will then turn out of the dearming area and

taxi efther 6800 or 600 feet to the parking apron, turn into the parking apron

and stop.

Tire surface temperatures were recorded during the landing-taxi tests.
Figures 17 a, b, and ¢ and 18 a, b, and ¢ were the temperature profiles for the
landing-long distance taxi and landing-short distance tuxi resnectively. The
surface temperature data shown in Figures 18 and 19 suggest the same general

conclusiona as reached during the taxi-takeoff tests:
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TIRE A

INITIAL TEMPERATURE

79°F

TIRE CONDITIONS
17,600 LBS LOAD
150 PSI INFLATION
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QUTBOARD
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STOPPED FOR ARMING

19 10 49 15

TIRE C

INITIAL TEMPERATURE
77°F

Figurc §3a, Comparison of Tirc Surlace Tenmperatures bDuring the

Long Distance Taxi-TakhcoTf Simulation

29

S

AT T
o




TIRE CONDITIONS
17,000 LBS LOAD
150 PSI INFLATION 61 o1

' —

74
TIRE B

55 INIfTAL TEMPERATURE

69°F

L ol .

61

AIRCRAFT CONDITION
STOP BEFORE TAXEOFF

43 INITIAL TEMPERATURE

77°F

30

OUTBOARD
—




TIRE

INITIAL TEMPERATURE

TIRE CONDITIONS
17,000 LBS LOAD
150 PSI INFLATION

31 75 .. 75 T4

75
TIRE 8

!4
INITIAL TEMPERATUSE

EUDASE
|

(73]
(¥ 4]

77

060 $8

ATRCRAFT CONDITION
ATIRBORNE

TIRE ¢

INITIAL TEMPERATURE
o770

‘Figure 13c. Airborne

QUTBOARD
-

e o bt B ] A it e - ot = -M: B b TR IR SRR R I =Y
e - N =T .
: _t ® N |
! N ] _
; ‘ N P

-1

S 1
i

.“_J
N e
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Figure ida, Comparison of Tire Surface Temperature Rise During the
Short Distance Taxi-Takeoff Simulation
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Figure 14b, Stop Before Takeoff
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(1) A smaller surface temperature rise was developed by all three tires

during the landing-short distance taxi test.

(2) The 0.8 degree toe-out caused the outboard sidewall to run hotter

than the inboard sidewall.
(3) Tire C ran considerably cooler than either Tires A or B.
d. Simulation with O Degrees Toe=Out

All the preceding laboratory simulation tests were conducted with 0.8
degrees toe-out. To better assess the effect of the toe?odt, these tests were
repeated on Tire B with O degree toe-out. As discussed eérlier, this will nct
odly change the tire straight ahead rolling conditions, but also, slip angles |
during the turns: 0.8 degree was subtracted from the previously calculated slip
aniles for right turns and added to those values that were télculated for left
turns. All other distances, -elocities and stoﬁ times remained the same as they
were during the simulation with 0.8 degree toe-out. Figures 19 - 23 inclusive
show the surface temperature profiles at the end of the test run (airburne for
‘taxi-takeoff tests and parked for landing-taxi tests). Temperature profiles of
Tire B with 0.8 degree toe-out were included on the same Figure for ease of com=-

parison. As seen in Figures 19 -~ 23, the effect of toe-out on tire surfce tem—

perature rise was:

(1) When operating with O degree toe—out, the outboard and inboard -

sidewall temperature rise was approximately equal.

(2) The tread surface temperature distribution was unaffected by a

small toe-out angle.
e. Tire Failures During the Simulation Tests
Since the primary goal of the simulation tests was to duplicate in the
laboratory those conditions in the field which contribute to tire failure, the

tests were repeated until a tire falled or had attained 220 cycles of testing.

The testing sequence follows (refer to Table 6):
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TIRE CONDITIONS
15,400 LBS LOAD ’ 43 64 ¢ 63 47
150 PSI INFLATION

~1
[

7%
0.8° TOE-OUT

43 INITIAL TEMPERATURE §6
10
49 .-

AIRCRAFT CONDITIOMA
PARKED

Figure 23.Comparison of Tire B Surface Temperatures with 0.8° and 0°
Toe-Out During the Landing-Short Distance Taxi Simulation .
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Long Distance Taxi-Takeoff
Landing=Short Distance Taxi
Short Distance Taxi-Takeoff
Laﬁding-Long Digtance Taxi

which was repeated 25 times for a total of 100 cycles. Then the sequence:

Heavy Gross Weight Long Distance Taxi~Takeoff
Landing-Short Distance Taxi

was repeated 5 times for an additional 10 cycles. After a tire had completed the
first 110 cycles, then the procedure was repeated. The 220 cycles of laboratory
testing correspond to 110 landings in the field and were a reascnable expectation
for tires 6perat1ng under these conditions. The tire performance data are sum~
marized in Table 7. '

TABLE 7

TIRE PERFORMANCE DURING THE
MYRTLE BEACH SIMULATION TESTS

vt il

TIRE TEST CYCLES

TYPE . COMPLETED FAILURE MODE
A 100 Blowout at Shoulder
B , 220 —

c 220 e ———

A - Retread 103 Air Leak at Vent Holes

A 220 -— B
B 220 —

The tires were tested in the order shown in Table‘7. The first Tire A developed

a bulge near the shculder that was observed by the tire test technicians at the

98th test cycle and fafled during the first heavy gross weight cycle (10lst

cycle) by a blowout which deQeloped at the bulge. Tire B completed 220 cycles
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without any evidence of incipient failure as did Tire C. After the 103rd cycle,

a recapped Tire A failed by its inability to contain air through excessive

leakage at the vent loles. A different Tire A was then tested and completed the

220 éycles. A different Tire B was also tested and completed the 220 cycles.

Although only a limited number of tires could be tested, the laboratory
failure data in Table 7 appears to reflect the field failure data in Table l.
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SECTION V
CORRELATION OF RESULTS
1. AVERAGE TIRE .SURFACE TEMPERATURES

The su =2ce temperature measurements presented earlier in this report were
for eleven points on the tire. To better correlate the diverse range of test

conditions, the following average temperatures were considered:

(1) Average Tread Temperature Rise = This temperature was the average of
the four tread grooves. The certer rib temperatures were not considered because

they were uniformly low for all tires during the testing.

(2) Average Outboard Sidewall Temperature Rise — This temperature was the

average of the outboard shoulder, apex region and minimum sidewall temperature.

(3) Average Inboard Sidewall Temperature Rise - Same as (2) but with

corresponding measurements of the inboard sidewall.

(4) Average Tire Temperature Rise = This was the average of the four tread

and six sidewall temperatures.

These average temperatures were listed for all test conditions in Table 8.

To partially account for the different test conditions, the temperatures
reached during the tests werc compared with the primary quantities of load times
distance. Figure 24, 25, and 26 were plots of the average tire surface tem—
perature rise as a function of load in thousands of pounds multiplied by distance
in miles (KLB-MI) for the roll to failure and five simulation tests of Tires A, B
and C., Figure 24, the Tire A plot, shows that most of the simulation points lie
on or neatr the roll to failure curve. The heavy gross weight long distance taxi-
takeoff simulation data points vere éonsiderably higher than the corresponding .
points on the roll to failure curve. The Tire B plot showed that most of the
data from the simulation had higher temperature rises than that exhibited during
the roll to failure test (Figure 25), The Tire C plot had only one point from

the simulation test that was appreciably higher than the roll to failure curve

53




TABLE 8

AVERAGE TIRE SURFACE TEMPERATURE
RISE (°F) DURING LABORATORY AND

FIELD TESTING

, TIRE REFERENCE OUTBOARD  INBOARD TIRE
. EST CONDITION ID FIGURE  TREAD SIDEWALL  SIDEWALL  AVERAGE
OLL TO FAILURE: 3 42 45 40 43
After 1 Mile) 4 34 41 36 37
38 43 46 42
79 77 71 76
After 3 Miles) 72 74 67 71
64 72 63 66
90 93 8t 88
Prior to Failure) 84 95 81 87
78 93 81 77
TAXI TEST:
)*, 15,080 LBS, 125 PSI A 10 51 78 51 59
)*, 17,400 LBS, 150 PSI A 10 52 73 51 58
‘o, 20,800 LBS, 180 PSI A 10 62 84 53 62
).8°, 15,080 LBS, 125 PST A 11 53 54 60 55
.o4%, 17,400 LBS, 150 PST A 11 57 74 46 58
..4%, 20,800 LBS, 180 PSI A 11 66 91 58 71
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LONG DISTANCE
TAXI ~ TAKEOFF:
(Stopped for Arming)

(Stop Before Takeoff)

(Airborne)

SHORT DISTANCE
TAXI - TAKEOFF:
(Stopped for Arming)

(Stop Before Takeoff)

(Airborne)

TABLE 8 (Continued)

TIRE REFERENCE OUTBOARD INBOARD‘- TIRE
1D FIGURE TREAD SIDEWALL SIDEWALL" AVERAGE

A 13a 65 68 54 62

13a 62 72 53 62

c 13a 47 52 43 47

13p 63 72 62 65

B 13b 58 78 63 65

13b 43 59 51 50

13¢ 69 68 58 65

13¢ 76 82 63 74

¢ 13¢ 55 58 49 54

A l4a 14 14 13 14

B l4a 14 19 13 15

l4a 11 9 7 9

A 14b 28 33 29 29

14b 30 40 33 34

¢ 14b 22 19 21 21

lae 46 44 39 44

lde 52 55 46 51

le 37 29 27 35

55

N

TN

possaio




TEST CONDITION

EAVY GROSS WEIGHT
_ONG DISTANCE
AXI - TAKEOFF:

Stopped for Arming)

‘Stop Before Takeoff)

{Airborne)

LANDING - LONG
DISTANCE TAXI:

__(After Landing Roll)

(Stop for Dearming)

(Parked)

TABLE 8 (Continued)

TIRE REFERENCE OUTBOARD INBOARD TIRE
ID FIGURE  TREAD SIDEWALL  SIDEWALL  AVERAGE
A 15a 79 88 77 81
B 15a 62 83 70 71
C 15a 45 66 58 55

15b 78 97 85 86
B 15b 59 97 81 77
15b 43 75 66 59
A 15¢ 100 95 85 94
B 15¢ 93 105 89 95
c 15¢ 69 78 71 72
17a 72 50 38 55
B 17a 43 - 46 a1 40
17a 34 26 0 22 28
17b 74 62 49 63
B 17b 50 56 40 49
17b 38 32 27 33
A 17¢ 85 72 64 75
B 17¢ 34 80 61 64
c 17¢ 42 37 29 36
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TEST CONDITION

LANDING - SHORT
DISTANCE TAYI:

(After Landing Roll)

(Stop for Dearming)

(Parked)

0° TOE-OUT:
Long Distance
Taxi = Takeoff
(Airborne)

Short Dis;ance
Taxi = Takeoff
(Airborne)

Heavy Gross Weight

Long Distance
Taxi - Takeoff
(Airborne)

Landing - Long
Distance Taxi
(Parked)

Landing - Short
Distance Taxi
(Parked)

TABLE 8 (Concluded)

TIRE  REFERENCE OUTDOATD  INBOARD  TIRE

1D FIGURE  TREAD SIDEWALL  SIDEWALL  AVERAGE
A 18a 54 45 3 46
B 18a 47 51 36 45
c 18a .53 3 31 40
A 18b 55 55 44 52
B 18b 70 69 48 63

18b 54 45 40 41
A 18¢ 45 48 40 44
B 18¢ 55 70 56 60
c 18c 43 49 42 44

|
B 19 76 82 83 80

|

!

|
B 20 51 48 47 49
B 21 97 106 100 101
B 22 63 79 80 73
B 23 57 63 60 60
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Average Tire Surface Temperaturc Rise °H

B
i

TIRE A ;

0°; 15080 LBS, ‘125 PSI
0°; 17400 LBS, 150 PSI
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Figure 27. Average Tire Surfacc Temperat@re Risc Versus Applied Load
Times Accumulated Distance Co@parison Bethen Laboratory

Roll to Failure Test and TaxiéTests for Tire A
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(Figure 26). The taxi test surface temperature rise data were plotted with the

roll to failure curve of Tire A in Figure 27.

The apparent discrepancy between the data of Figures 24, 25, and 26 which
showed higher surface temperature rises for the laboratofy simulation than for
the roll to failure tests can be partially explained by the considerably dif-
ferent rates of heat generation existing between roll to failure and simulation
tests. The choice of KLB-MI as the abcissa of these plots was made {n an effort
to correlate the diverse test ccnditions in terms of load and distance. To con-
sider the added effecf of the rate of heat generation requires the inclusion of a
velocity contribution to the resultant temperature rise. As an example, the
heavy gross weight long distance taxi-takeoff simulation required a totél_roll
distance of 2.76 MI from leaving the chocks until airborne. The time required to
achieve the total 60,72 KLB-MI was 1l.5 minutes (see Appendix B). The
corresponding time required to reach 60.72 KLB-MI or 3.04 MI, during the roll to
fall:-ve tes& was 3.96 minutes. The corresponding average cyclic frequencies in
achieving éhg 60,72 KLB-MI were 133 cycles/minute for the heavy gross weight
simulattoh;and 430 cycles/minute for the roll to failure test.

To illustrate the rate effects on tire surface temperatures, a plot of sur-
face tempefature rise divided by elapsed test time was constructed for Tire A
(Figure 28). This plot clearly shows that all simulation tests had a rate of
heat generétlon, as reflected by average tire surface temperature, that was well
below the heat generation rate during the roll to failure tests. These data show
that the mégnttude of tire surface temperature was not by itself an indicator of
incipient éire failure, but that the combined effects of load, distance and velo—
city must Be'constdered in predicting tire failure. In an {nvestigation of
transport aircraft ground operations, Durup found that when taxiing equal distan-

ces at 10 MPH and 40 MPH, the higher speed will result in a 457 increase in tire

bead temperature (Reference 4).
2. EFFECT OF SLIP ANGLE ON TIRE SURFACE TEMPERATURE

A comparison of the outboard and inboard sidewall temperature averagés of
Table 8 shows that when operating with a positive slip angle, the outboard
sidewall ran consistently hotter than the inboard sidewal!l during the simulation
and roll to fallure tests., This conclusion was reinforced by conducting the

simulatfon tests with O degree toe out which resulted in approximately equal
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Figure 28. Average Tire Surface?Temperatute Rise pcf Elapsed

Time Versus Applied Load Times Accunulated Distance
for Laboratory Roll to Failure and Simulation Testd
of Tire A f
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sidewall surface temperatures. The taxi{ test data from Table 8 does not corre-
late with the laboratory data with respect to the relationship between sidewall
temperature difference and slip angle. These data show that the outboard
sidewall temperature was hgher than the inboard at both O degree and 1.4 degrees
toe-out and was lower at the 0.8 degree toe-out. A possible explanation for
these differences was the two right turns executed by the pilot: one right turn
to enter the runway and another to leave the runway which occurred immediately
prior to the sidewall measurements (Figure 9). Another possibility was that the
gear had a torsional compliance that resulted in a toe-out equillibrium under

rolling conditions.
3. OTHER INFLUENCES ON TIRE SURFACE TEMPERATURE
(a) Ambient, Runway and Flywheel Temperatures

, At the start of each laboratory test involving surface temperaturev
measurement, the tire and flywheel were at essentially ambient temperatures
ranging from 69 to 87°F with an average ambient temperature for all laboratory
tests of 77°F. No significant effect on tire surface temperatures was apparent

from these different ambient temperatures.

During the taxi tests at Edwards AFB, the ambient temperatures ranged
from 68 to 97°F, while the concrete runway temperatures were 74 to 111°F., Since
these tests required coordination of runway usage with othef aircraft, the tires
were often not in equillibrium but only relatively close to ambient at the start

of the test. For example,-?igute 11, second section, shows an initial average

temperature of 121°F which indicates that the tire had some heat content prior to

the test since the average ambient and runway temperatures for these two runs
were 93 and 102°F., To obtain a correlation between ambient, runway and tire sur-
face temperatures would require the conduction of the same test with the same

tire over a relatively wide range of temperatures.
(b) Speed
The effect of speed as related to the rate of heat generation has

already been discussed. The effect of increased speed on tire surface tem-

perature measurement has been noted (3) as having a cooling effect on the surface
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due to the increased air flow over the tire. During the laboratory simulation
and taxi tests, the surface temperature measurements were taken with the tire
stopped. During the roll to fallure tests, the measurements were taken with the
tire rolling at a constant 46 MPH, and would therefore exhibit slightly lower

surface temperatures than 1f the tire were stopped.
(c) Circumferential Temperature Vartation

The temperatures in this report were obtained using the line scan
method of thermography and represent the temperatures along a meridional line
extending from bead to bead. Since a tire, by virtue of its less than perfect
construction, has circumferential temperature variations; temperature differences
can be obtained for the same tire. When the tire is rolling, circumferential
variations can be averaged during the measurement.. When the tire is stopped, the
measurement may yield temperatures that are somewhat higher or lower than the
average circumferential temperature. Surface lrregulartttes,bsuch as embossed or
indented lettering on the tire sidewall, will create slightly higher or lower
surface temperatures due to the small increase or. decrease of'sect{on at the
lettering. These small irregularity induced ter-~erature differen:es were not

considered to be true elrcumferential temp. rature variations,
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SECTION VI
CONCLUSIONS

l. The simulation tests reéulted in laboratory tire failures that were in
agreement with field failure data for the small sample of tires that were tested.

2. Imminent aircraft tire failure cannot be predicted by the measurement of

surface temperature alone,

3.  Operating a tire with small positive slip angles resulted in consistently
higher outboard (versus inboard) sidewall temperatures. The magnitude of the
difference between sidewall surface temperatures (outboard minus inboard)

appeared to be a linear function of small slip angles.

4., No tire tread surface temperature gradient as a vesult of operating with

small slip angles was noted in either laboratory or field testing.

5.
ply rated Tires A or B

The 24 ply rate tire, Tire C, ran considerably cooler than either of the 22
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SECTION VII
RECOMMENDATIONS

1. The laboratory simulation that was developed for the A-10 was based on
actual airfield ground operations. This type of simulation should be used where

reélistic ground loading spectra are required.

2. Ihfrared'thermography, since 1t 1is relatively easy to use, should te used ir
tire i~sts so that a body of data on variocus sizes of tires can be accumulated,

analyzed, and correlated.

3. Infrared thermography should»prove to be a valuable adjunct to the measure=~
ment methods presently employed during full scale laboratory brake tests. Full
field thermographs of the tire, wheel, piston housing, and portions of the
pressure plate and backing plate could be studied to i{dentify heat flow paths,
temperature gradients, and hot spots. Any regions of excessively high tem-
peratures, as identified by the thermograph, could be further instrumented to
gather additional data. This combination of thermography and thermocouples would
be a thermal measurement analogy to the practice of using brittle coatings and

strain gages that has proved successful in experimental stress analysis.
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APPENDIX A

CARPET PLOT OF CORNERING FORCE VERSUS NORMAL

LOAD, INFLATION PRESSURE AND SMALL SLIP ANGLES
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APPENDIX B

_DETAILED DYNAMICS STATEMENTS FOR THE MYXTLE

BEACH SIMULATION
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Condition 1 - Long Distance Taxi/Take-off

Unless otherwise specified, the tire will operate with a -0.8° yaw anglé.

Measure the
flat-plate deflection at 19,000 Ib radial load and 159 psi inflation pressure. Set deflection

on the dynamometer by maintaining 150 psi inflation and recucing the radial load.

Time
l. Load tire on flywheel 0
2. Accelerate from 0 to 5 mph in 5 seconds 5
3. Roll 20 ft at 5 mph in 4 seconds 9
4, Make.a 90° left turn in 8 seconds at 5 mph 17
using a 1.3~ yaw angle :
5. Roll 00 ft at 5 mph in 109 seconds 126
6.  Make a 90° left turn in & seconds at 5 mph A 134
using a 1.3” yaw angle
7.  Accelerate from 5 mph to 30 mph in 10 ley
seconds -
8. Roll 6636 ft at 30 mph for 152 seconds 296
9. Decelerate from 30 mph to 5 mph in 10 306
seconds
10.  Make_a 90° left turn in 8 secone” 4t 5 mph 314
using a 1.37 yaw angle: .
ll. Decelerate from 5 mph to 0 in 5 seconds _ 313
12. Stop for 120 seconds T 439
13.  Accelerate from 0 to 5 mph in 5 seconds =~ 444
14,  Make a90° right turn in 8 seconds at 5 mph 452
using a -2.9" yaw angle
15. Roll 150 ft at 5 mpi for 20 seconds 472
16. Make a90° Sfight turn in 8 seconds at 5 ' 480
MPH using a -2, 9° yaw angle
17. Roll 8¢ ft at 5 mph for 11 scconds 491
18. \lake a 90° left turn in 8 seconds at 5 mph 499

using a 1.3° yaw angle
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0
I8
48

103
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958
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7901
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19. Accelerate from 3 mzh to 20 mph in 10

seconds

20.  Roll 15G ft at 20 mph for 5 seconds

2l. LBeceicrate from 20 mph to 15 mphin 5
seconds

22. Make a 90° right turn in 4 seconas at {5

ol using 3 -2.8° vaw angle
usda Al edadte

I 1y v Taee s ) e

23. Roll S0C fr at 15 mph for 36 secoras

24, . Decelerate from 15 mpn 0o 5 mphin 5
seconds '

25. Makeg 90° right turn in 8 seconds at 5 mph
using a -2.9~ yaw angle

26. Roll 110 ft at 5 mph for 15 seconds
27. Decelerate from 5 mph to 0 in 10 seconds
28. Stop for 60 seconds
(End of taxi)
29. Program the dynamometer for a take-off as

specified by the tollowing load and velocity
versus time table.

Time (Sec) Velocity (MPH)
0 0
5 45
10 85
15 120
18 | | 141

18.2 143 -

5G9

514

519

533

569

574

597
607

667

Radial Load (Lb)

W*

0.96 W

ow

*W is the load required to reach flat plate deflection.

"End of Test.
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Condition 2 - Short Distance Taxi/Take-off -

Unless otherwise specified, the tire will operate with a -0.8° yaw angle. Measure the flat-
plate deflection at 19,000 Ib radial load and 150 psi inflation pressure. Set deflection on
the dyramometer by maintaining 150 psi inflation and reducing the radial load.

Time " Distance
ie Loac tire on flywheel ' 0 0
2. Accelerate from 0 to 5 mph in 5 seconds 5 ‘ 13
3. Roll 30 ft at 5 mph in 4 seconds 9 43
4, Make.a 90° left turn in 8 seconds at 5 mph 17 103
using a 1.3~ yaw angle '
5. Roll 800 ft at 5 mph in 109 seconds _ 126 903
6. Make 2 90° right turn in 8 seconds at 5 mph 134 958
using a -2.9~ yaw angle
7. Roll 520 ft at 5 mph in 71 seconds 205 1478
8.  Make a 90° right turn in 8 seconds at 5 mph 213 1533
using a -2.9" yaw angle
9. Decelerate trom 5 mph to 0 in 5 seconds 218 ' 1551
10. Stop for 120 seconds 338 1551
11.  Accelerate from 0 to 5 mph in 5 seconds 343 1569
12.  Make_a 90° left turn in 8 seconds at 5 mph ‘ 351 1624
using a 1.3 yaw angle '
13. Roll 150 ft at 5 mph for 20 seconds 371 1774
14.  Make_a 90° left turn in 8 seconds at 5 mph 379 1829
using a 1.3~ yaw angle :
15. Roll 80 ft at 5 mph for 11 seconds 390° 1909
16. Make a 90° right turn in 8 seconds at 5 mph 398 1964
using a -2.9~ yaw angle
17. Accelerate from 5 mph to 15 mphin 35 403 2056
seconds
18. Roll 428 ft at 15 mph for 19 seconds 422 2056
73
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19. Make a 90° left turn in 14 seconds at 15
mph using a 2.1~ yaw angle

20. Roll 800 ft at 15 mph for 36 seconds

21. Decelerate from 15 mph to 5 mph in 5
seconds

22. Make.a 90° ieft turn in 8 seconds at 5 mph
using a 2.1~ yaw angle

23. Roll 110 ft at 5 mph for 15 seconds
24. Decelerate from 5 mph to 0 in 10 seconds
25. Stop for 60 seconds

(End of taxi)

26. Program the dynamometer for a take-off
as specified in Condition 1.
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Condition 3 - Maximum Gross '\ eight, Long Distance Taxi/Take-off

nless otherwise specified, the tire will cperate with a -0.8° yaw angle. \leasure the
flat-plate ceflection at 24,G0C I raadial i0au and 180 psi inflation pressure. Set deflection
on the dynamometer by maintaining 130 psi inflation and reducing the radial load.
Time Distance
l.  Load tire on flywheel | n )
2. Accelerate from 0 to 5 mph 'n 5 seconds 5 13 :
3. Roll 30 ft at 5 mph in 4 seconds 9 48 ,
4. Make a 90° left turn in 8 seconds at 5 mph 17 103 '
using a .37 yaw angle :
5.  Roll 300 ft at 5 mph in 109 seconds 126 903 ’
6.  Make a 90° left turn in 8 seconds at 5 mph 134 958
using a 1. 3° yaw angle : 1
7. Accelerate from 5 mph to 30 mph in 10 144 1215 '
seconds : ? S
8. Roll 6686 ft at 30 mph for 152 seconds 296 7901
9. Decelerate from 30 mphto 5 mph in 10 306 8158
~ seconds '
10. \Iake a 90° left turn in 8 seconds at 5 mph 314 8213
using a 1.3° yaw angle
l1.  Decelerate from 5 mph to 0 in 5 seconds 319 &231
12.  Stop for 120 seconds 439 8231
13.  Accelerate from 0 to 5 mph in 5 seconds 444 : 3249
14, Make a90° right turn in 8 seconds at 5 mph 452 8304
using ~ -2.9” yaw angle ) ' '
15. Roll 150 ft at 5 mph for 20 seconds 472 454
16. Viake a 9¢° right turn in 3 seconds at 5 480 8509
MPH using a -2.9~ vaw angle :
17. Roll 80 ft at S mph for || seconds | 491 8589
18. \dake a 9G° left turn in § secends at 5 mph 499 8644

using a L. 3° yaw angle
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Accelerate from 5 mph to 20 mph in 10
nas

Roll 156 ft at 20 mph for 5 seconds

Decelerate fron 20 :nph 0 15 mpain 3
onds e :

\iake a 96° rignt tirn .n L% seconcs at 15
Fusing & -2.57 yaw angle

Roll 830G ft at 15 mph for 36 seconds

Decelerate from 15 mph to 5 mph in 5
:onds '

Make a 90° right turn in 8 seconds at 5 mph
ng a -2.9” yaw angle '
. Roll 110 ft at 5 mph for 15 seconds

. Decelerate from 5 mph to 0 in 10 seconds

Stop for 60 seconds

(End of taxi) h

). Program the dynamometer for a take-off as
recified by the following load and velocity versus

me table.

Time (Sec) Velocity (MPH)
0 0
27 sy
29.5 - 188

‘W is the load required to reach flat plate deflection.

End of test.

Radial Load (Lb)
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5i4

519

533

569
574

582

597
607 -
667
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W *
0.98W
0
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8977
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Condition 4 - Landing/Long Distance Taxi

Unless otherwise specifiec, the tire will operate with a -0.8° yaw angle. \ieasure the
flat-plate deflection at 15,50C lb radial [oad and 150 psi inflation. Set deflection on the 1
dynamometer Sy maintaining 156 psi inflation and reducing che raaial load. :
L Land against flywheel rotating with a peri- Accumulations 1
onerzl speec of 150 mph, apply load and decele-
rate is shown in the following table: Time (Sec) Distance (Ft)
Time (Sec) Velocity (MPH) Radial Load (Lb)
0 150 0 0 0 i
i
6 125 1.1 W+ 6 1760
28 70 w : 23 , %500
105 5 w 105 9000

*W is the load required to reach flat plate deflection.

2. Make a 90° left turn in 8 seconds at 5 mph 113 9055
using a 1.3" yaw angle - :
3.  Accelerate from 5 mph to 15 mph in 5 ’ 118 - 9147
seconds
4. Roll 300 ft at 15 mph for 36 seconds , 154 9947
5. Makea 90: left turn in 15 seconds at 15 168 10261
mph using a 2.1~ yaw angle o
6.  Accelerate from 15 mph to 20 mph in 5 173 10389
- seconds . Cee S — - e
7. Roll 150 ft at 20 mph for 5 seconds 178 ( 10539
8.  Decelerate from 20 mph to 5 mph in 10 188 10722
seconds
9. Make a 90° right turn in 8 seconds at 5 mph 196 10777
using a -2.9" yaw angle
10. Roll 80 ft at 5 mph for 11 seconds 207 10857
11. Decelerate from 5 mph to 0 in 5 seconds : 212 10875
77
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12. Stop for 120 seconds

13.  Accelerate from 0 to 5 mph in 5 seconds

14, Make a 90° left turn in 8 seconds at 5 mph

asing a 1.37 yaw angle
15. Roll 150 frat5 mph for 20 seconds

16. \Makea 90° left turn in 8 seconds at 5 mph
using a .37 yaw angle

17. Roll 30 ft at 5 mph for Ll seconds

18. Make a 90° right turn in 8 seconds at 5 mph
using a -2.9" yaw angle

19. Accelerate from 5 mph to 30 mph in 10
seconds ’

20. Roll 6686 ft at 30 mph for 152 seconds

2l. Decelerate from 30 mph to 5 mph in 10
seconds

22. Make a 90° right turn in 8 seconds at 5 mph
using a -2.9" yaw angle

23. Roll 800 ft at 5 mph in 109 seconds

24.  Make a 90° right turn in 8 seconds at 5 mph
using a -2.9~ yaw angle

25. Decelerate from 5 mph to 0 in 5 seconds

End of Test
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Condition 5 - Landing/Short Tistance Taxi

Unless otherwise specified, the tire will opefate with a -0.8° yaw angle. \leasure the
flat-plate deilection of 15,000 Ib radial load and 150 psi inflation. Set deflection on the
dynamometer by maintaining 150 psi inflation and reducing the radial load.

L. Land against flywheel rotating with a peri- iccumulations
pheral speed of 150 mph, apply load and decele- ' ‘
-ate as shown in the following table: - Time {Sec! Distance (Ft)
Time (Sec) Velocity (MPH) Radial Load (Lb)
0 150 0 0 0
6 125 1.1 w» 6 1760
28 | 70 W 28 4500
105 10 W 105 | 9000

*W is the load required to be at flat-plate deflection.

2. Make a 90%right turn in 16 seconds at 10 121 9235
mph using a -1.5~ yaw angle.

3. Roll 680 ft at 10 mph for 46 seconds 167 9915
4, Makea 90%right turn in 21 seconds at 10 188 10223
mph using a -1.5~ yaw angle '

5. Decelerate from 10 mph to 5 mphin 5 193 10277
seconds.

6. Makeoa 90° left turn in 8 seconds at 5 mph - 201 - 10332
using a 1.3~ yaw angle.

7.  Decelerate from 5 mph to 0 in 5 seconds 206 10350
8.  Stop for 120 seconds 326 10350
9. Accelerate from 0 to 5 mph in 5 seconds 331 10368
10.  Make 2 90° right turn in 8 seconds at 5 mph 339 10423
using a -2.9" yaw angle '

1. Roll 150 ft at 5 mph for 20 seconds 359 10573
12.  Make a 96° right turn in 8 secands at 5 mph 67 10628

using a -2.9° yaw angie.
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13. Roll 80 ft at 5 mph for 11 seconds

16,  Make a 90° left turn in 8 ssconds at 5 mph
using a 1.3~ yaw angle. '

15. Roll 400 ft at 5 mph for 55 seconds

16. Make a 90° left turn in 8 seconds at 5 mph
using a 1.37 yaw angle

17. Roll 00 ft at 5 mph in 109 seconds

End of test.
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APPENDIX C

CONTAINED AIR TEMPERATURE AND PRESSURE DURING

THE SIMULATION TESTS

T
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TABLE C-l.

CONTAINED AIR TEMPERATURE

AND PRESSURE FROM THE

LABORATORY SIMULATION TESTS*

TEMPERATURE (°F)

TIRE :
CONDITION  I,D. INITIAL  FINAL
1 A 79 144
B 69 143

c 77 131

2 A 78 122
B 75 126

c 81 116

3 73 167
B 85 180

75 147

4 73 148
B 87 151

80 116

5 A 76 120
B 71 131

c 75

119

PRESSURE (PSI)

INITIAL FINAL
150 174
150 174
150 1
150 162
150 162
150 161
180 216
180 213
180 212
150 175
150 176
150 172
150 170
150 169
150 165

These data represent the average of ten test runs.
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